Radiorespirometry was used to compare the primary pathways of glucose catabolism in 18 strains of Bacillus thuringiensis representing the 12 established serotypes. Every strain utilizes the Embden-Meyerhof-Pamas pathway almost exclusively; pentose-phosphate pathway participation is minor. The EmbdenMeyerhof-Parnas pathway predominates regardless of whether the cells were grown in a minimal medium or one containing yeast extract. The results indicate that the absolute requirement for citrate and related compounds is not a result of defective citrate or glucose transport and metabolism.
In an attempt to define the metabolic characteristics of bacteria with insecticidal properties, we previously compared Bacillus thuringiensis, B. alvei, B. lentimorbus, and B. popilliae with regard to their catabolism of glucose (3) and oxidation of certain tricarboxylic acid cycle intermediates (2) . These studies were necessarily restricted to single isolates of each species. In the present investigation, we examined the metabolic homogeneity of B. thuringiensis as a group by using radiorespirometry to compare the primary pathways of carbohydrate catabolism in 18 natural isolates. The percent participation of the Embden-Meyerhof-Parnas (EMP) and pentose-phosphate (PP) pathways was calculated for each strain.
Extensive taxonomic studies have been conducted on the numerous isolates of B. thuringiensis (5, 13) . A classification system dependent on the flagellar H antigen has been devised, and 12 serotypes are now recognized (6) . The extent of the differences and similarities among these serotypes is of interest. We have already observed that the serotypes do not differ significantly with regard to their nutritional requirements (10 to Bacillus cereus (13) . Whether this relatedness derives from a single evolutionary divergence to crystal-forming ability is not known. Norris (12) showed that B. thuringiensis and B. cereus possess phage in common, whereas Somerville and Jones (15) used nucleic acid hybridizbtion to compare these two groups of bacilli. Our metabolic data also reflect a close relationship between B. thuringiensis and B. cereus.
In a separate series of experiments, we employed B. thuringiensis var. entomocidus as a test organism to study glucose metabolism in the defined minimal media described in the previous paper (10) . Particularly, we found that when grown in a glucose-salts medium B. thuringiensis exhibits an absolute requirement for either citrate, aspartate, or glutamate; in contrast, a citrate-salts medium (4) was reported to support growth in the absence of glucose. Because of this apparent paradox, we considered the possibility that either glucose uptake or metabolism was defective in our defined media (10) . For example, Romano and Kornberg (14) found that glucose uptake was selectively inhibited when Aspergillus nidulans was grown on an acetate-containing medium. Alternatively, glucose catabolism could be defective if our defined media were deficient in thiamine, lipoic acid, or another cofactor required for glycolysis. However, when glucose radiorespirometry was performed on B. thuringiensis cells grown in the defined media (10) Table 1 were obtained from the Agricultural Research Service Culture Collection, Peoria, Ill. Vegetative cells suitable for radiorespirometry were grown in GYS medium, which consisted of 0.2% (NH4),SO4, 0.2% yeast extract, and 0.05% KHPO4 (pH 7.3). Aseptic addition of 0.1% glucose, 0.02% MgSO4, 0.008% CaCl2 2H20, and 0.005% MnSO4 *H2O followed autoclaving. A uniform spore inoculum (10) was put into 500 ml of GYS medium contained in a Fernbach flask; the culture was aerated by rotary agitation at 200 rpm. Cells were harvested after 4 h of growth at 28 C.
In addition, vegetative cells of B. thuringiensis var. entomocidus were cultured in the glucose-glutamatesalts and glucose-aspartate-salts media described by Nickerson and Bulla (10) . Such cells were washed twice in 0.003 M phosphate-salts medium after harvesting.
Radiorespirometry. The procedures used were modified from those of Bulla et al. (2, 3) . Respirometer flasks containing about 60 mg of a vegetative cell suspension were incubated at 28 C in a modified Gilson differential respirometer. The cells were acclimated 30 min in 30 ml of glucose-free growth medium to reduce endogenous metabolism. Carrier glucose (1 mg) was added to each flask, and after an additional 20 min of incubation 0.25 uCi of radioactive glucose was added. D-Glucose specifically labeled at C1, C3,4, and C6 was purchased from New England Nuclear Corp., Boston, Mass. The flasks were shaken while air was passed through at a rate of 60 cm3/min. Respired "4CO2 was trapped in 10 ml of a mixture of absolute ethanol and monoethanolamine (2:1, vol/vol) that was removed and replenished at half-hour intervals. The trapping solutions then were adjusted to 15 ml with absolute ethanol, and a 5-ml portion was mixed with 10 (7, 17 
